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(54) A tiled electro-optic imaging device 

(57) A tiled electro-optic imaging device (8) such as 
a display and an image sensor includes two or more tiles 
(10) each tile (10) having a two dimensional array of pix- 
els (16) and at least one non-linear edge, the tiles (10) 



being aligned edge to edge such that pixels (16) from 
the tiles (10) are inter-digitated along the non-linear 
edge, whereby the visibility of the non-linear edge is re- 
duced and the visual uniformity of the device is en- 
hanced. 
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Description 

[0001] The present invention relates to tiled electro- 
optic imaging devices such as displays and image sen- 
sors and, more particularly to improving the visual ap- 
pearance of such devices. 

[0002] It is known to increase the size of an electro- 
optic imaging device such as a flat panel display or an 
image sensor by forming the device using a plurality of 
tiles, each tile having a two dimensional array of pixels; 
see for example US 6,262,696 issued July 17, 2001 to 
Seraphim et al. Large tiled displays can also be made 
using an array of fiber optic panels in association with 
smaller displays. The fiber optic panels reduce the edge 
gap between the display tiles as described in US 
4,299,447 issued November 10, 1981 to Soltan et al. 
WO 99/41732, Matthies et al., published August 19, 
1 999, describes forming a tiled display device from dis- 
play tiles having pixel positions defined up to the edge 
of the tiles. One example of the use of tiles to increase 
the size of an image sensor is shown in US 5,572,034, 
issued November 5, 1996 to Karellas. 
[0003] However, construction of tiled imaging devices 
is difficult. No two tiles, whether used alone or with fiber 
optic face plates, are precisely alike and the human eye 
is extremely sensitive to differences in color, brightness, 
and contrast in localized areas. There are calibration 
techniques by which the uniformity and color balance of 
a display or image sensor tile can be adjusted, but these 
are difficult, require re-adjustment overtime, and are of- 
ten inadequate. Moreover, the seams between the tile 
edges are very noticeable as the human eye is very sen- 
sitive to straight horizontal and vertical lines. 
[00041 Tne assembly of fiat-panel tiles is also a prob- 
lem. In order to ameliorate the problems associated with 
tile seams, the tiled displays must be assembled very 
carefully and with great precision. This process is ex- 
pensive and slow and products are prone to fall out of 
alignment over time without expensive forms or brack- 
ets to align the tiles once they are placed. 
[0005] There is a need therefore for a tiled electro- 
optic imaging device that reduces the visibility of tile 
non-uniformities and tile seams, and that enhances the 
mechanical assembly of the tiles. 
[0006] The need is met according to the present in- 
vention by providing a tiled electro-optic imaging device 
that includes two or more tiles, each tile having a two 
dimensional array of pixels and at least one non-linear 
edge, the tiles being aligned edge to edge such that pix- 
els from the tiles are inter-digitated along the non-linear 
edge, whereby the visibility of the non-linear edge is re- 
duced and the visual uniformity of the device is en- 
hanced. 

[0007] The present invention has the advantage that 
it decreases the visibility of tile seams, increases the ap- 
parent uniformity of the tiles, and facilitates the mechan- 
ical alignment of the tiles in the electro-optic imaging de- 
vice. 
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Fig. 1 is a schematic diagram of a prior art tiled elec- 
tro-optic imaging device; 

Fig. 2 is a schematic diagram showing the outline 
of a tile of an electro-optic imaging device according 
5 to one embodiment of the present invention; 

Fig. 3 is a schematic diagram of a tiled electro-optic 
imaging device according to one embodiment of the 
present invention; 

Fig. 4 is a schematic diagram showing the outline 
of a tile of an electro-optic imaging device according 
to an alternative embodiment of the present inven- 
tion; 

Fig. 5 is a schematic diagram of a tiled electro-optic 
imaging device according to an alternative embod- 
iment of the present invention; 
Fig. 6 is a schematic diagram showing a tile edge 
according to a further embodiment of the present 
invention; 

Fig. 7 is a schematic diagram showing a tile edge 
according to a still further embodiment of the 
present invention; 

Fig. 8 is a schematic diagram showing a tile edge 
according to a still further embodiment of the 
present invention; 

Fig. 9 is a schematic diagram illustrating the edge 
of a frame for holding tiles according to the present 
invention; 

Fig. 10 is a schematic diagram showing tiles offset 
in a device according to the present invention; 
Fig. 11 is a schematic diagram showing tiles rotated 
45 degrees in a device according to the present in- 
vention;^ 

Fig. 12 is a schematic diagram showing a plurality 
of tiles assembled on a board according to the 
present invention; 

Fig. 13 is a schematic diagram of a device accord- 
ing to the present invention having tiles with image 
expanding fiber optic face plates; 
Fig. 14 is a schematic diagram showing the outline 
of the fiber optic face plate shown in Fig. 13; 
Fig. 15 is a schematic diagram showing a plurality 
of tiles in a display. 

[0008] Referring to Fig. 1 , a prior art tiled electro-optic 
imaging device (display or image sensor) 8 includes a 
two-by-two array of tiles 10, having edges 14 and an 
array of pixels 16. The edges 14 of the tiles 10 are 
aligned to produce a seam 12 between the edges of the 
tiles 14 and the last row or column of pixels 16 in the 
arrays. (The illustration of Fig. 1 is not drawn to scale to 
clarify the description). The edge seam 12 can be very 
visible to the human eye because it is straight, is hori- 
zontal or vertical, and has a direction that is the same 
as the pixel rows and columns. Moreover, small differ- 
ences between the tiles, for example color, brightness, 
sensitivity or noise can be very visible to the human eye. 
According to the present invention, the perceived per- 
formance of the imaging device is improved by making 
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the tile edges non-linear such that pixels from adjacent 
tiles are inter-digitated along the non-linear edge, 
whereby the visibility of the non-linear edge is reduced 
and the visual uniformity of the device is enhanced. 
Moreover the inter-digitation of the edges facilitates me- 
chanical alignment of the tiles in the device. 
[0009] Referring to Fig. 2, a tile having an edge struc- 
ture according to one embodiment of the present inven- 
tion is shown. In Fig. 2, the four edges of tile 10 are non- 
linear and the rows and columns of pixels 16 have a 
stepped pattern. Moreover, the pixel rows and columns 
on the opposing edges 24 and 26 of each tile have a 
complementary form such that the rows and columns on 
each tile edge can be inter-digitated as shown in Fig. 3. 
Referring to Fig. 3, four of the tiles 10 are arranged to 
form a regular array of pixels 1 6 with the result that pixels 
at the edges of the tiles are inter-digitated. This inter- 
digitation of the pixels at the tile edges has multiple ben- 
efits. First, the tile seam is less visible to the human eye 
because it is not straight, thus reducing the visibility of 
tile seams. Second, the inter-digitation of pixels from two 
adjacent tiles obscures differences in uniformity be- 
tween the tiles. Third, the edges of the tiles can no longer 
slip with respect to each other because the stepped 
shape of the edge locks the tiles in position with respect 
to each other. Moreover, the tiles are easier to assemble 
into a device since they lock into a specific location with 
respect to each other. 

[0010] Fig 4 shows an alternative configuration of a 
tile capable of inter-digitiated pixels, with the advantage 
that the edge tab at one corner is connected by more 
material. 

[0011] Applicants have conducted tests with human 
subjects simulating a tiled display device according to 
the present invention, on a CRT display that have shown 
that an inter-digitated edge between tiles increases by 
as much as fifty percent the threshold at which a global 
uniformity difference between the tiles is perceptible and 
reduces the visibility of an edge seam by as much as 
50%. 

[0012] Each tile in a multi-tile device according to the 
present invention has a complementary pattern on op- 
posite edges 24 and 26 so that the tiles can be placed 
together with inter-digitated pixels along the edges. 
Tiles on the edges of a multi-tile device will not have a 
straight edge and pixels will be missing on the edge rows 
or columns. The edges can be masked with a frame to 
obscure the non-linear external edges. Alternatively, 
special edge and comer tiles may be created with one 
or more conventional straight edges. 
[001 3] The pixel control mechanisms for the tiles need 
not be modified and the row and column controls nor- 
mally present in a device may operate normally, al- 
though pixels will be missing. !n a display device, each 
tile's information overlaps with the neighboring tiles so 
that neighboring tiles will have edge rows and edge col- 
umns of information in common. Referring to Fig. 3, ad- 
jacent tiles overlap by one column or row of pixels 44. 



This reduces the total number of rows and columns in 
the entire display by the total overlap amount. 
[0014] A variety of tile edge shapes may be used. 
Deeper stair steps that are multiple pixels deep may be 

5 used, as shown in Fig. 5. Referring to Fig. 5 ; the tiles 
incorporate a stair-step edge that overlaps by two col- 
umns or rows of pixels 44. The process may be extend- 
ed to larger overlaps with improved seam-hiding and ap- 
parent tile uniformity but at the cost of more overlapped 

10 rows or columns. 

[001 5] Alternative edge shapes can be employed with 
the same edge pixel arrangements. For example, Figs. 
6 and 7 illustrate tile edges that are triangular and sinu- 
soidal, respectively All of these physical shapes and 

15 others can accommodate a stair step pixel arrange- 
ment. The period of the inter-digitation can also be 
greater than one row or column of pixels as shown in 
Fig. 8. 

[0016] The non-linear edge shape can be comple- 
te mented at the edge of the display in a frame 52 designed 
to hold the array of tiles, as illustrated in Fig. 9. 
[0017] Referring to Fig. 1 0, the tiles in the device hav- 
ing nonlinear edges according to the present invention 
can be offset from each to further obscure the tile 
25 seams. Referring to Fig. 11 , the tiles can also be tilted 
such that the edges are not horizontal or vertical to fur- 
ther obscure the seams. For example the tiles can be 
tilted to 45 degrees as shown in Fig. 10. 
[0018] Referring to Fig. 12, the tiles 10 include plugs 
30 100 on their back sides that are electrically connected 
to conductors (not shown) on the tiles for addressing the 
pixels. The tiles 10 are mounted adjacent to each other 
on a circuit board 102 having an array of sockets 104 
for removably receiving the plugs 100. Alternatively, the 
35 tiles 1 0 can be surface mounted on the circuit board 1 02 
using known surface mounting techniques. 
[0019] In the embodiments discussed above, the tiles 
10 included a substrate on which the pixels 16 were 
formed, and the edges of the substrates were non-linear 
40 and inter-digitated in the assembled device. Alternative- 
ly, the tiles 10 can be constructed conventionally with 
straight sides, and the pixels at the edges of the tiles 
can be inter-digitated using an image expanding fiber 
optic face plate. Fig. 13 shows a side view of the tile 10 
45 having a substrate 60 and a fiber optic face plate 62. 
The fiber optic face plate includes a plurality of optical 
fibers (or light pipes) 64 (one or more per pixel 66). The 
fiber optic face plate 62 expands the apparent x and y 
dimensions of the underlying substrate as viewed from 
50 the side of the face plate f arthestf rom the substrate. The 
tiles having fiber optic face plates are arranged side by 
side so that the outside edges of the face plates are im- 
mediately adjacent each other, leaving space between 
the underlying substrates to accommodate mounting 
55 and electronics. 

[0020] In one embodiment, as shown in Fig. 13, the 
fibers 64 are of uniform diameter, and the area between 
the fibers is filled with an opaque filler, such as black 
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epoxy. One method for constructing such a fiber optic hanced. 
face plate is to hold both ends of the fibers in a fixture 
that determines their final location and potting them in 
place with the epoxy. Alternatively, the fibers can be ta- 
pered, with their narrow ends adjacent the pixels and 5 
the wide ends at the outside surface of the fiber optic 
face plate. 

[0021] Fig. 14 is a schematic diagram illustrating the 
outline of the substrate 60 and the outline of the fiber 
optic face plate 62 as seen from above, showing the io 
non-linear edges of the fiber optic plate and the under- 
lying straight edged substrate (shown by dotted lines). 
The apparent locations of the underlying edge pixels at 
the top surface of the image expanding fiber optic face 
plate are shown by circles with lines coming from the '5 
underlying locations of the pixels on the substrate 
shown by circles with dotted lines. The edge pixels 
marked with x's are not used. The device is operated by 
ignoring the pixels with x's. In the case of a display, the 
unused pixels can be driven, or not. In the case of an 20 
image sensor, the signals from the unused pixels at the 
edges are ignored. In driving the tiled display having the 
image expanding fiber optic face plate, the image sig- 
nals applied to the tiles 10 are treated as if the tiles over- 
lap by one or more pixels along adjoining edges. 25 
[0022] Referring to Fig. 15, electrical connection to 
the tiles is provided by multiple conductors 70 on the 
back sides of the tiles 10, and the individual tiles 10 are 
mounted on a circuit board 72. The circuit board 72 may 
include interface circuits 74 and connectors 76 for elec- 30 
trical connection between the tiles and the interface cir- 
cuits. In a preferred embodiment, the device is an OLED 
display device, each tile having an encapsulating cover 
over the back side of the substrate, and the multiple con- 
ductors 70 may comprise a flex cable attached to the 35 
substrate 60 and the encapsulating cover is attached to 
the circuit board 72. 



Claims *o 

1. A tiled electro-optic imaging device, comprising: 
two or more tiles each tile having a two dimensional 
array of pixels and at least one non-linear edge, the 
tiles being aligned edge to edge such that pixels 4 $ 
from the tiles are inter-digitated along the non-linear 
edge, whereby the visibility of the non-linear edge 

is reduced and the visual uniformity of the device is 
enhanced. 

so 

2. A method of making a tiled electro-optic imaging de- 
vice, comprising the steps of: providing a plurality 
of tiles, each tile having a two dimensional array of 
pixels and at least one non-linear edge, and arrang- 
ing the tiles edge to edge such that pixels from the 55 
tiles are inter-digitated along the non-linear edge, 
whereby the visibility of the non-linear edge is re- 
duced and the visual uniformity of the device is en- 
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